Combretum (C.) species (Combretaceae) are used in folk medicine in different parts of Asia and Africa for the treatment of hepatitis, malaria, respiratory infections and even cancer.
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Phenanthrenes, stilbenes and bibenzyls, some of which possess potent cancer cell growth inhibitory activity, were also isolated from C. caffrum. 4) C. quadrangulare is an evergreen tree that grows in eastern Asia and is known as Tram bau in Vietnam. The seeds, leaves and stem bark of the plant are used in Vietnamese traditional medicine as antipyretic, antidysenteric and anthelminthic agents. 5) In the course of our study on Vietnamese medicinal plants, 6) we examined constituents of the leaves of C. quadrangulare and isolated thirteen novel cycloartane-type triterpenes from the polar fractions. 7) Recently, we have examined the less polar fractions, which had strong cytotoxic activity towards highly liver metastatic murine colon 26-L5 carcinoma cells, 8) and have isolated fifteen new cycloartane-type triterpenes together with two known cycloartanes, methyl 23-deoxojessate (16) 9) and 4b,14a-dimethyl-5a-ergosta-9b,19-cyclo-24(31)-en-3b-hydroxy-4a-carboxylic acid (17) . 10) Betulinic acid (18) , 11) b-sitosterol (19), 12) kamatakenin (20) , 13) isokaempferide (21), 13) 5,7,4Ј-trihydroxy-3,3Ј-dimethoxyflavone (22) 14) and 5,4Ј-dihydroxy-3,7,3Ј-trimethoxyflavone (23) 15) were also isolated from the less polar fractions. We now report the isolation and structural elucidation of these by the use of a spectroscopic technique and a chemical method. 16) Methyl quadrangularates A (1) and B (2) were isolated as a colorless amorphous solid and colorless crystals, respectively with a mp of 190°C. Their 1 H-and 13 C-NMR spectra were very similar except for a difference in the chemical shifts of an oxygen-substituted quaternary carbon (1, d 69.5; 2, d 80.9). Their high-resolution FAB-MS (HR-FAB-MS) data indicated that they have the molecular formula C 31 H 48 O 6 and C 31 H 48 O 7 , respectively. Compound 2 has one oxygen more than 1, suggesting 1 has a hydroxyl and 2 has a hydroperoxyl group. This was confirmed by the fact that the reduction of 2 with triphenylphosphine 17) gave 1. The 1 H-and 13 C-NMR spectra of 2 were similar to those of mollic acid (24) , 2) except for a difference of the signals in the side chain on ring D, where 2 was in ester form. Two olefinic protons at d 5.78 (dt, Jϭ16.0, 6.5 Hz) and 6.05 (d, Jϭ16.0 Hz) in the 1 H-NMR spectrum of 2 indicated that the position of the olefin should differ from that of 24. Based on detailed analyses of the 1 
H-
1 H correlation spectroscopy (COSY) spectrum, together with the 1 H- 13 C and long-range 1 H- 13 C COSY spectra ( Fig. 1) , the position of the olefin was concluded to be C-23 (24) and the aldehyde to be C-21. On the other hand, the location of the hydroperoxyl group was determined to be C-25 based on the long-range correlations between the methyl protons H 3 -26 and H 3 -27 and the quaternary carbon at d 80.9. Thus, the planar structure of methyl quadrangularates A and B was determined to be 1 and 2, respectively.
The stereochemistry of 1 and 2 was elucidated by analyses of coupling constants and nuclear Overhauser effect (NOE) experiments on 2. The lack of diaxial coupling of H-1 (br s) with H-2 ax. indicated the hydroxyl group at C-1 to be in axial, which was further supported by an NOE enhancement from H-1 to H-19. The H-3 was observed as a double doublet due to diaxial coupling with H-2 ax. (Jϭ12.0 Hz) and axial-equatorial coupling with H-2 eq. (Jϭ4. 5 Hz) , which suggested the equatorial nature of the hydroxyl group at C-3. Irradiation of the methyl protons at d 1.60 of 2 caused an NOE increase of H-19 and vice versa, indicating that the methyl group at C-4 should be in the b position.
From the data mentioned above, the structure of methyl quadrangularates A and B was concluded as 1 and 2, respectively, which was confirmed by X-ray analysis of 2. 16) After the submission of our communication, Ganzera et al. reported a triterpene having the same structure as formula 1.
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The reported data, however, were the same as those of 2, but not those of 1. Thus, the compound reported by Ganzera et al. should have the structural formula 2; i.e., methyl quadrangularate B.
Methyl quadrangularate C (3) and its 24-epimer, methyl 24-epiquadrangularate C (5), were obtained as an epimeric mixture (1 : 1 from 1 H-NMR spectrum), and only the former one succeeded in achieving a pure form as a colorless amorphous solid. The molecular formula of 3 was deduced to be C 32 H-and 13 C-NMR spectra to those of 3, except for the absence of a signal corresponding to the C-21 methoxyl group. The upfield shift of C-21 of 6 (d 93.0) as compared to 3 (d 100.1) suggested the presence of a free hydroxyl group at C-21 in 6.
The stereochemistry of rings A-D of 3, 5 and 6 was found to be the same as that of 1 based on coupling constants and NOE experiments. The relative stereochemistry of the pyran ring of 3 and 6 was established to be equatorial H-21 (axial OMe) and axial H-24 from the coupling pattern of H-21 (br s) and H-24 (br d, Jϭ11.0 Hz). This was further supported by the NOE experiment in which irradiation of Chart 1 methoxyl protons of 3 caused an NOE increase at H-24, placing them on a 1,3-diaxial arrangement in a chair conformation. Considering a biogenetic pathway (Chart 2), there should be two possible epimeric relations of 5 to 3; either at C-21 or at C-24. The identical chemical shift and coupling pattern of H-21 of 3 and 5 led us to the conclusion that they should be epimers at C-24. The pyran ring of 5 was considered to be in a boat conformation because of strong 1,3-diaxial repulsion between the methoxyl group at C-21 and the isopropenyl group at C-24. This was further supported by the coupling constant of H-24 (Jϭ11.0 Hz) due to diaxial coupling with H-23 ax. in a boat conformation. From these data, the structure of methyl quadrangularate C, methyl 24-epiquadrangularate C and methyl quadrangularate O were determined to be 3, 5 and 6, respectively.
Methyl quadrangularate D (4) 7) which was confirmed by the HMBC spectrum (Fig. 2) . The downfield shift of the cyclopropane methylene protons from the usual range suggested the presence of an oxygen substituent at C-11, 19) which was further confirmed by the 1 H-1 H COSY and HMBC spectra in which H-19 had long-range correlations with both C-1 and C-11. Moreover, a downfield shift of both 498 Vol. 48, No. 4 carbon signals, C-1 and C-11, of 4 compared with those of 1-3 and cycloartane-type triterpenes bearing a hydroxyl group either at C-1 or C-11, 19) suggested that there may be ether linkage between C-1 and C-11. 20) This was further supported by the fact that on acetylation 4 gave only monoacetate 4a; the possibility that due to steric hindrance the 1-OH group did not take part in acetylation should be ruled out because 23-deoxojessic acid (10) having the same 1-OH group as 4 easily gave a diacetate under the same conditions (see Experimental). From these data, we concluded that there should be an ether linkage between C-1 and C-11, which was further supported by the compositions of 4 and its monoacetate 4a from HR-FAB-MS spectra.
In the NOE experiments, NOEs were observed between H-11 and H 3 -18, between H-8 and H 3 -18, between H-19 and H-1, between H-19 and H-11 and between H 3 -29 and H-1, suggesting that all the protons, H 3 -29, H 3 -18, H-19, H-11 and H-1, are in the b position. These NOEs and the coupling constants of H-1 (dd, Jϭ11.0, 6.0 Hz) and H-3 (dd, Jϭ4.5, 2.5 Hz) suggested that the A ring should be in a boat conformation and the hydroxyl group at C-3 in the b-orientation. Accordingly, the structure of methyl quadrangularate D was determined to be 4.
Quadrangularol A (7) was isolated as a colorless amorphous solid having the molecular formula C 30 H 50 O 4 . The IR spectrum of 7 indicated the presence of a hydroxyl group (3400 cm Ϫ1 C-NMR data of 7 were similar to those of 1-6, having a 1,3-dihydroxycycloartane skeleton. However, the absence of a signal corresponding to the carboxylic acid group and the presence of signals of an oxymethylene group suggested that 7 should have an oxymethylene group at C-4 instead of the carboxylic acid group, which was further confirmed by the field gradient-pulsed (FG-pulsed) HMBC spectrum (Fig. 3) .
The stereochemistry of rings A-D of 7 was determined to be the same as 1 by the rotating frame nuclear Overhauser effect spectroscopy (ROESY) spectrum. The correlation between H 3 21) Thus, the structure of quadrangularol A was concluded to be 7.
Methyl quadrangularate N (8), [a] D 25 ϩ70.8°(cϭ0.11, MeOH), showed a pseudomolecular ion at m/z 537.3189 corresponding to the molecular formula C 31 H 48 O 4 in HR-FAB-MS. The 1 H-NMR spectrum of 8 was similar to that of quadrangularic acid H (26), 7) but the 1 H-NMR spectrum of 8 had one more aldehydic proton at d 9.59 than that of 26, suggesting the presence of an aldehydic group at C-20 instead of a carboxylic acid group. This was confirmed by the FG-pulsed HMBC spectrum (Fig. 1) . Accordingly, the structure of methyl quadrangularate N was concluded to be 8, because oxidation with sodium chlorate, 22) followed by esterification with diazomethane, gave dimethyl quadrangularate H (26a). 7) Quadrangularic acid E (9) H-NMR spectrum and the presence of a new ketone signal at d 208.7 in the 13 C-NMR spectrum suggested the presence of a ketone group at C-1. This was further supported by the significant correlation between C-1 and H-3 in the FG-pulsed HMBC spectrum (Fig. 2) . The stereochemistry of 9 was also determined by the NOE experiments; NOEs between H-3 and H-5 and between H 3 -29 and H-19 indicated the OH-3 and H 3 -29 to be b. Due to the presence of a ketone group at C-1, ring-A has a distorted chair conformation. Finally, the structure of quadrangularic acid E was con- cluded to be 9.
23-Deoxojessic acid (10) was the major cycloartane-type triterpene isolated from the leaves of C. quadrangulare. The molecular formula of 10 was calculated to be C 31 Hz) instead of that of the secondary methyl; also, the 13 C-NMR spectrum showed the presence of an oxymethylene carbon instead of a methyl carbon. The longrange correlations between the oxymethylene protons and C-17 and C-22 and between H-17 and the oxymethylene carbon in the FG-pulsed HMBC spectrum (Fig. 1) confirmed the oxymethylene group to be C-21. The stereochemistry of 12 was concluded to be the same as that of 1 by the analysis of NOE difference spectra. Thus, the structure of methyl quadrangularate P was concluded to be 12.
Quadrangularol B (13), having the molecular formula C 30 H 48 O 4 , was isolated as a colorless amorphous solid. The absorption bands at 3400 and 1700 cm Ϫ1 in the IR spectrum suggested the presence of hydroxyl and carbonyl groups, respectively. The 1 H-and 13 C-NMR spectra of 13 were almost identical to those of 7 except for some difference in the ring D side chain. 13 C-NMR spectrum of 13. These data suggested the presence of an a,b-unsaturated ketone group as in 8. The signal of a vinyllic methyl at d 1.92 in the 1 H-NMR spectrum suggested the position of the exo-olefin should be at C-25(26) and the ketone group at C-24, which was further confirmed by the FG-pulsed HMBC spectrum (Fig. 3) . The stereochemistry of 13 was determined to be the same as 7 by the ROESY spectrum. Thus, the structure of quadrangularol B was concluded to be 13.
Norquadrangularic acid B (14) The HR-FAB-MS also showed the molecular formula as one carbon less than 10. From these data 14 was considered to be a 29-norcycloartane-type triterpene, which was confirmed by the FG-pulsed HMBC spectrum (Fig. 4a) . Then, the ROESY spectrum was measured in order to determine the stereochemistry of 14. Intense correlations were observed between H-3 and H-5, between H-4 and H-19, between H-1 and H-19 and between H-8 and H-19 (Fig. 4b) , indicating the b-orientation of H-1, H-4 and H-8 and the aorientation of H-3 and H-5. Thus, the structure of norquadrangularic acid B was determined to be 14.
Norquadrangularic acid C (15), having the molecular formula C 30 H 50 O 6 , showed absorption bands at 3400 (OH) and 1710 cm Ϫ1 (CO) in its IR spectrum. 4a) based on the correlations with H 3 -26, H 3 -27 and H-25. The stereochemistry of 15 was determined to be identical with that of 14 by the ROESY spectrum, except for that at C-24, which remains unsolved. Thus, the structure of norquadrangularic acid C was concluded to be 15.
In this paper, we have reported the isolation and structures of fifteen new and two known cycloartane-type triterpenes. Among the isolated cycloartane-type triterpenes 1-3, 5, 6 and 8 differed only in ring D side chain, and thus they would be biosynthesized from a common hypothetical precursor 28 via photooxygenation of an olefin (Chart 2). 23-Deoxojessic acid (10), a major cycloartane-type triterpene in C. quadrangulare leaves, may be derived from either 24 or cycloartenol (29) through alkylation at C-24, 23Ϫ25) which might produce the rest of the triterpenes (Chart 3).
All the isolated compounds were tested for their cytotoxicity towards highly liver metastatic murine colon 26-L5 carcinoma cells. Cycloartane-type triterpenes showed various degrees of cytotoxicity, and only 2, 3 and 4 had ED 50 values less than 20 mM. Methyl quadrangularate D (4), having an ether linkage between C-1 to C-11, showed the strongest cytotoxicity with an ED 50 value of 5.42 mM, while all four flavonoids possessed strong cytotoxicity with ED 50 values equal to or less than 6 mM (see Experimental).
Experimental
Melting points were determined on a Yanaco micromelting point apparatus and are uncorrected. Optical rotations were recorded on a JASCO DIP-140 digital polarimeter. IR spectra were measured with a Shimadzu IR-408 spectrophotometer in KBr disks. Electron impact-MS (EI-MS) and FAB-MS measurements were performed on a JEOL JMS-700 spectrometer with m-nitrobenzylalcohol (NBA) or glycerol as matrices. NMR spectra were taken on a JEOL GX-400 spectrometer or JEOL JNM-GX400 spectrometer with tetramethylsilane (TMS) as the internal standard, and chemical shifts are expressed in d values. Column chromatography was performed with normalphase (Fuji Silysia BW-820MH) or reversed-phase silica gel (Nacalai Tesque Cosmosil 75C 18 -OPN). TLC and preparative TLC were carried out on precoated Merck Kieselgel 60 F 254 plates (0.25 and 0.50 mm).
Plant Material Leaves of C. quadrangulare Kurz were purchased at the local market at Ho Chi Minh City, Vietnam in 1995. The voucher sample (TMPW 18999) is preserved in the Museum for Materia Medica, Toyama Medical and Pharmaceutical University, Toyama, Japan.
Extraction and Isolation Air dried leaves (2.65 kg) were extracted with MeOH and the MeOH extract (400 g) was chromatographed on a silica gel column and partitioned into eleven fractions. 3H, s, H 3 -26 
